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ABSTRACT
EDM Collaboration Meeting

These viewgraphs are a record of the meeting held on July 19-20, 2002, for planning the
EDM experiment.

The LANSCE experiment to search for the electric dipole moment (EDM) of the neutron
proposes a sensitivity of 4 x 10**-28 e-cm. It uses the cold neutron beam from a coupled
liquid hydrogen moderator and a 10-cm x 10-cm supermirror guide to illuminate a
superthermal 4He source. Systematic errors are suppressed by the addition of trace
amounts of 3He as a magnetometer. See the following web site for more information:

http://p25ext.lanl.gov/edm/edm.html

i

i

Lﬁm

i

i

A

il

i


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact:



Library Without Walls Project

Los Alamos National Laboratory Research Library

Los Alamos, NM  87544

Phone:  (505)667-4448

E-mail:  lwwp@lanl.gov


EDM Collaboration Meeting
July 19-20, 2002
Los Alamos, NM



Agenda for EDM Meeting

July 19-

July 19

09:00
09:10
09:20
Alamos)
09:30

20, 2002

- Welcome -~ John McClelland (Los Alamos)
- Statement of purpose - Martin Cooper (Los Alamos)
- DOE reaction to the pre-proposal - Martin Cooper (Los

- EDM project development in the next 1.5 years - Steve

Lamoreaux (Los Alamos)

10:00
10:15

- Discussion
- A new measurement at NIST of the neutron storage time in a

TPB coated cell - Jen-Chieh Peng (Illinois)

10:30 -

10:45 -

11:15 -
Huffman
11:30 -
11:45 -
(EMI)

12:00 -
12:15% -
12:30 -

12:45 -
13:45 -

14:00 -
14:15 -

Discussion

Coffee

New ideas regarding light collection and backgrounds - Paul
(NIST)

Digscussion
How well can we identify neutron beta decays? - Bob Golub

Digcussion
Monte-Carlo studies - Martin Cooper (Los Alamos)
Discussion

Lunch
Fitting into LANSCE ER-2 - Jan Boissevain (Los Alamos)

Discussion
Tour of LANSCE ER-2 and Building 10 Lab - Seppo Penttila

(Los Alamos)

15:15 -

Separating the purifier from the dilution refrigerator, an

alternate design - Paul Huffman (NIST)

15:30 -
15:45 -
16:15 -

16:30 -
16:45 -

Discussion
Coffee

Proposed tests of SQUIDs - Michelle Espy (Los Alamos)
Discussion

Shortening the magnet by better matching of boundary

conditions; magnetic shielding issues ~ Brad Filippone (Caltech)

17:00 -
17:15 -

dressed-

17:30 -

19:00 -

Discussion

Modifications of the apparatus to incorporate the
spin technigque - Bob Golub (HMI)

Discussion

Dinner at



July 20

09:00 - Update on the HV-test apparatus - Debbie Clark (Los Alamos)
09:15 - Discussion

09:30 - Measuring the Kerr effect at crogenic temperatures - Alex
Sushkov (UC-Berkeley)

09:45 - Discussion

10:00 - Update on the polarized 3He source - Justin Torgerson
(LANL)

10:15 - Discussion

10:30 - Coffee

11:00 - Experiences with hexapole state selectors - Janos Fuzi
(Budapest)

11:30 - Discussion

11:45 - Experiments relavent to transporting 3He into the
superfluid He and the 3He polarization lifetime - Mike Hayden
(Simon-Fraser)

12:15 - Discussion

12:30 - Lunch

14:00 - Determining the projects to be undertaken at each
institution - moderated by Steve Lamoreaux (Los Alamos)

15:15 - Coffee

15:45 - Future telephone conference calls - moderated by Martin
Cooper (Los Alamos)

16:00 - Development of a financial strategy - moderated by Martin
Cooper (Los Alamos)

16:45 - Adjourn



Welcome
John McCleliand (Los Alamos)



Statement of purpose
Martin Cooper (Los Alamos)



MECHANICS

Agenda

Dinner at 7:00 PM (19:00) at the Central Avenue Grill

[.ocated on Central Avenue (1 block north of Trinity) across
from the post office

*Must pre-order your meal and beverage by circling your choices
and putting down your name

Sign into our visitor log during first coffee break

Attendance list

Telephone, FAX, and E-mail list plus institutional addresses

Turn in you badges to me at end of the meeting (Debbie will keep

them)

IA f’x

T # » Physics Division / P25
-, b ySlCS LViSion

7/22/02 2 LosAlamos o



PURPOSE

Exchange scientific ideas

Establish the R&D plan for the experiment

*Speakers should list tasks on blackboard

Establish who will work on what for the next 1.5 years
Open dialogue on long term commitments |

Open dialogue on a funding plan

0‘7 -
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DOE reaction to the pre-proposal
Martin Cooper (Los Alamos)



DOE REACTION TO THE PRE-PROPOSAL
Jehanne Simon-Gillo / Gene Henry 18 July 2002

Next week 1n writing
 Nice job on the physics case
Many external comments on how exciting the project is
Additions to make a real proposal
*Table of technical risks and how we are dealing with them
*Safety issues
*Order of magnitude and source of operating funds
*Potential commitment of physicists
[Facility modifications - their character and costs
*More detailed cost estimates -
--Rough breakdown into R&D, engineering,construction,
pre-ops, TEC, and TPC
--Realistic contingency anal;sis—a repetitive effort for CDR

el
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DOE REACTION TO THE PRE-PROPOSAL
Jehanne Simon-Gillo / Gene Henry 18 July 2002

*Milestones not understandable - “ready” means what,
e.g. designed, constructed, installed, commissioned
*Breakout the cost of people from the cost of equipment
We should continue to work on the proposal
FY’05 funding still a possibility
We will need the upgraded proposal to establish “mission need”
Peter Rosen will want the upgrade for believability

Two conditions to proceed:

*Sorting out of the SNS beamline

Integrated strategy for national neutron-physics program endorsed
by the community

Community should take the inil}i\ative (in the form of a conference?)

e:%ﬁ: Physics Division / P25
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EDM project development in the next 1.5 years
Steve Lamoreaux (Los Alamos)



The Neutron EDM Project over the Next 1.5 Years
S.K. Lamoreaux
L. Magnetic shielding; ferromagnetic vs. superconducting

a. magnetic field generation
b. RF coil
¢. Johnson noise etc. trom materials

2. Studies of scintillation
a. background
b. cross effects (leakage currents, other cross effects
with Larmor precession)
c. event identification

. Polarization of He-3

uy

4. Transport and Storage of Polarized He-3
5. High Voltage Tests

a. radiation effects

wall coating stability

measurements of field strength, uniformity
effects on scintillation

capacitive voltage multiplier

oo o

6. Cold neutron beam optics

7. General éfydge'ﬁic design

8. Tests of SQUIDS in realistic environments

9. Investigation of incorporation of dress spin technique

10. 3-He diffusion at low concentrations
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FIG. 1: Cosine magnetic field winding.
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A new measurement at NIST of the neutron storage
‘time in a TPB coated cell
Jen-Chieh Peng (lllinois)



UCN PRODUCTION AND
STORAGE AT NIST

Jen-Chieh Peng
University of Illinois
Los Alamos, July 19, 2002

Qutline

e Summary of existing measurements at NIST

e Ideas for a new NIST measurement



UCN PRODUCTION IN 4He
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UCN production rate was recently
verified at NIST
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UCN Losses in Superfluid 4He Bottle

1. Neutron beta decay
2. Wall absorption

3. Upscattering in superfluid 4He

e Single-phonon upscattering rate « e~ 1/KT
e Multi-phonon upscattering rate « T/

4. n -3 He absorption

n+3He—->p+t+764KeV
total spin o4, @t v = 5m/sec
J=0 ~ 4.8 x 10° barns

J=1 ~ 0

e The natural abundance of 3He/*He (~
10~7) implies an absorption time of ~
0.4 s

e Purified 4He with 3He/*He < 10711 is
required



UCN Production in Superfluid 4He

Magnetic Trapping of UCN
(Nature 403 (2000) 62)

560 + 160 UCNSs trapped
per cycle (observed)

| 480 4+ 100 UCNs trapped
| per cycle (predicted)

Measured neutron lifetime:
o 7501355 seconds

Count rate (s™")
4

bttt Peak UCN signal: 0.2/s

Peak Bkgrnd: 6.0/s




Neutron flux at NIST

2,5 x 10° -

2.0+

1
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Wavelength (1)

9 =1.62x 106 n cm=2 5~1 k-1

13 —~
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Net depth of B field trap = 1.03 Telsla

Trap UCN’'s of E < 60 nev with the
correct spin orientation



PROPOSED NIST MEASUREMENTS

1. Use the new monochromatic neutron beam
centered around 8.9 A

e ~ 80 percent transmission of 8.9 A neu-
trons

e A factor of 20 reduction of background-
producing neutrons

2. Install a UCN storage cell coated with deuter-
ated TPB

e UCN confining potential is raised from ~
60 nev to ~ 200 nev

e UCN production rate is o U3/2

3. Measure n — pe~ v signals and upscattering
UCN's as a function of 4He temperature

GOALS

1. Study UCN production rate

2. Determine rates of UCN losses due to wall
interaction and upscattering

3. Study of background



Monochromatic Neutron Beam at

NIST
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Estimated rate for UCN signal

o Neutron flux: % = 1.3 x 10% n/em?/s/K

» UCN prod. rate = %x10~7 UCN/em3/s =
0.13 UCN/em3/s

o Cell size: 40cm x3.2cm diameter cylinder:
320 cm3

® UCN production rate ~ 40 UCN/s

o Effective storage time of UCN: ~ 100 —
500sec

e detector efficiency ~ 30 percent

e Initial UCN detection rate of 1.2 - 6 per
second

Backgroaond reduaction

® Monochromatic beam near 8.94

o Transparent beam stop and better light
transmission for higher threshhold to re-
ject background



New ideas regarding light collection and backgrounds
Paul Huffman (NIST)
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Detection of Neutron Capture

n+3He—p+3H + 764 keV

~ liquid helium

v —80nm 4TPB

Recoil proton and/or triton creates an ionization
track in the helium.

Helium ions form excited He,* molecules
(ns time scale) in both singlet and triplet states.

He,* singlet molecules decay, producing a large
prompt (< 20 ns) emission of extreme ultraviolet
(EUV) light.

EUYV light (80 nm) converted to blue using the
organic fluor dTPB (deuterated tetraphenyl
butadiene).

~

J

Nt )

P. R. Huffman



Light Guide Detection System
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How well can we identify neutron beta decays?
Bob Golub (HMI)



Detection of Neutrons in Liquid Helium

Neutrons inside the superfluid helium can be detected via
the energetic charged particles which are produced in the
beta decay:

n —» p+e +V+783keV
or with a dilute solution of *He inside the ‘He volume:

n+°:He —» E+3E%V

————.., T — -

Travelling through the helium these charged particles loose
their kinetic energy which is partially converted into
scintillation light.

—3 Scintillations with highest intensity in vacuum
ultraviolet region (VUV) of the optical spectrum.

Using a fluorescent wavelength shifter the VUV scintillation
light is converted into visible light which can easily be
detected by a photomuitiplier.

wavelength

VUV _—’shifter visible light ——3 photomultiplier tube




Sketch of the experimental apparatus
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signal / V

typical neutron scintillation event

2000 3000
time / nsec



normiertes Signal
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normalized signal / V

normalized signal
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100 Kapitel 4 Experimente mit Helium als Szintillator
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Abb. 4.22: Zeitliches Verhalten des durch monoenergetische Elektronen (E = 1 MeV) indu-
zierten Szintillationssignals innerhalb der ersten 4.5 us nach dem Signalanstieg fiir fliissiges
Helium bei T= 4.2 K und bei T= 1.8 K. Rechts oben: Zeitskala von 450 ns bis 1 us. Man

beachte, daB das Maximum des Signals bei t=500 ns liegt. Die Signale sind jeweils auf das
Maximum normiert.



Kapitel 4 Experimente mit Helium als Szintillator
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Abb. 4.21: Zeitliches Verhalten des durch Neutronen induzierten Szintillationssignals inner-
halb der ersten 4.5 us nach dem Signalanstieg fiir 500 mbar He-Gas bei T= 4.2 K, fliissiges
Helium bei T= 4.2 K und bei T= 1.8 K. Rechts oben: Zeitskala von 450 ns bis 1 us. Man
beachte, daB das Maximum des Signals bei t=500 ns liegt. Die Signale sind jeweils auf das
Maximum normiert. Fiir die Messung von neutroneninduzierten Szintillationen in der Gas-
phase wurden nur 2400 Ereignisse gemessen — alle anderen Messungen: 24000 Ereignisse.
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normiertes Signal
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normiertes Signal

L3 | v LA l 4 ¥ ¥ ) 4 '  J ¥ ¥ 7 ' L ¥ l—r l T v | l ¥ L L} 1 4
1 B g-Teilchen in LHe (T=1.8K)
| e Neutronen in LHe (T=1.8K)
1MeV Elektronen in LHe (T=1.8K)
-20 0 20 40 60 80 100
Zeit [ns]
t.% 4. 2ns

t{: % 13.bns }\/ud alle Teifchew — ’PS,D ZZ

Modet0: 2. QxPou.w'L'th 24,,{*&@21,
2&#0&{26:&5 : QG-J-/?:* Foudtioy
FWHM = 3.5 ne
T = 2.4 ns

1
r ~ ( .- (-‘-—-'9‘,‘

—






i Letbyplys/

12
\“O
X 8
=
. 6
LA
c\; 4

2

0

llllIllll'lillllLLl'llllllllllllllljll

0

lllllllllllllllllIIIIIITIIIIIIIIIIIII‘II'ITIIIIIIII

2 4 6 8 10 12 14 16 18 20
){u ke "16'1 ht

B 4.7E2 - 4.8E2
BEEY 4 5E2 - 4.7E2
“mim 4 3E2 -- 4.5E2
w0 4.2E2 — 4.3E2
4E2 -- 4.2E2
3.8E2 -- 4E2
3.7E2 - 3.8E2
3.5E2 - 3.7E2
3.3E2 - 3.5E2
3.2E2 - 3.3E2
3E2 - 3.2E2
2.8E2 - 3E2
B 2.7E2 -- 2.8E2
B 2562 - 2.7E2
I 2.3E2 - 2.5E2
BBl 2252 - 2.3E2

ﬁ 2E2 - 2.2E2

1.8E2 -- 2E2
1.7E2 -- 1.8E2
1.5E2 -- 1.7E2
1.3E2 -- 1.5E2
1.2E2 -- 1.3E2
1E2 -- 1.2E2
83 - 1E2

50 -- 67

-

('./1 (e k JL‘H‘( fri



0 LERBLIALI LR BLIRL LER BRI LER BRI LILELI ] Trryia LERBLBL LELER I LI rr 1
| l | i ! I I ! | 1 I

0 2 4 6 8 10 12 14 16 18 20




Monte-Carlo studies
Martin Cooper (Los Alamos)



Scintillation Signal
E |
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T Vi T 3 "

4+ NAle"‘t/TAl + Ncué—'tlfcu
measured for a time T,
°How does the error in a least squares fit compare to the proposal?
*How does the error on @, depend on other parameters?
*What is the optimal value of T,,?
*What is the optimal value of N that sets T,?
*At what level can @y, N,,, and N, be ignored?

*What is to be gained by suppressing the 3 decays, i.e. gg — 07?
SQUID Signal

O o Bpg + N[l - Pie ™ cos(wyt + ¢y )|
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Number

vo=3Hz N,=2x10%0.5 = 1.20 pHz 5,y = 1.25 uHz
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Frequency Sensitivity (uHz)
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DEPENDENCE ON OTHER
PARAMETERS

Free Variables Oj g

f() = (JOY/ZTE 1.2 uHz
fo, T 1.2 uHz
fo, T, N, 1.2 uHz
f()a Ts Nn’ (l) 24 MHZ
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LIGHT COLLECTION

Optimizing the light collection design

*What is the number of photoelectrons expected?

How many PEs do we get versus integration time?

eHow is the number of PEs influenced by compromises
associated with HV, activation backgrounds,
cryogenics, etc?

*Do fiber optics have a role?

GUIDE7 program as a starting place

Test code against NIST lifetime results
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COLD NEUTRON TRANSPORT

Design the beam polarizing beam splitter

How do we optimize polarization and transmission
given the allowed length?

Do losses in the splitter make backgrounds?

Minimizing beam activation

*Do we need a guide in the cryostat?

*What sort of collimation is useful?

*Do the entrance windows need to be Be?

How can we minimize the activation on the electrodes?

*How should we dump the beam?

Minimize scattered-neutron activation

*Where do we want to place neutron absorbers?

Problems with trace elements

s Ly
T .;;*é, Physics Division / P25
7/22/02 » Los Alamos ool



UCN IN THE TRAP

Should these considerations be part of the light colloection
Monte-Carlo?
UV light in the trap also needs to be considered?

.
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SPIN TRANSPORT OF THE
SHe INTO THE CELL

Polarization losses in the transport into the cryostat
Polarization losses in the storage volume

Polarization losses in the transport from the storage volume
to the measuring cell

i
1 2 Physics Division / P25
7/22/02 S



Fitting into LANSCE ER-2
Jan Boissevain (Los Alamos)
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Tour of LANSCE ER-2 and Building 10 Lab
Seppo Penttila (Los Alamos)




Separating the purifier from the dilution refrigerator,
an alternate design
Paul Huffman (NIST)
James Butterworth (ILL)
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Proposed tests of SQUIDs
Michelle Espy (Los Alamos)



SQUIDs 1n the nEDM

e Introduction

e Temperature Effects
— Survey of SQUIDs

 Upcoming tests



Motivation

3He comagnetometer reduces systematic

errors due to instabilities in the magnetic
field.

SQUIDs provide direct measure of 3He
precession frequency, Vv, = ¥;,.B, ,thus a
direct measure of B, averaged over cell
volume and measurement period.

SQUIDs could provide a measure of
polarization of 3He introduced into the cell
during the filling period

Monitor orientation of 3He magnetization

Hopefully simpler than dressed spin
technique (no RF)



Lig_m Cells Between HV and
Guides Electrodes Ground
Electrodes
Beam

Entrance
Window

Cosn Coil
SQUID Enclosure
HV Variable Capacitor

-

Fig IV-1. Experimental eryostat. length ~ 3,1 m. The neutren beam enters from the
right, Two neutron cells are between the three elecirades. Scintillation Heht from the
cells is monitored by the light guides and photomuliipliers.

nEDM experiment setup




What does the FEM model say?
Without SIS = .002 ®, and with SIS =.02 © .

X107 EDM experirent (vol.magn.: 5.34¢-008 Joule Tesla™ m™)
f T Y T T T S T T
gh|~ coil: 2, celk 1(no SIS) LT
i |~ coil: 2, cell: 2 {no SIS) s NN
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Magnetization angle, degree

Figure V.F.2. Predicted values of flux in the vertically oriented pick-up coils
expected, both with and without the superconducting vessel.

_ Parameter 1—Value
SIS Cylinder _ ;
Length 1.34m ;
Radius 0.3m
Target cells
Length 0.5m
Inner Radius 0.04 m R -
Center from SIS axis ' +/- 0.1 m o
Magnetization | 5¢ J/(Tm?) assuming 1.25¢'* 3He/cell
SQUID pickup coils
Length 0.25m . I
Width 0.04 m B
Center from SIS axis ! , _ S

Coils #1,3 (Horizontal) | +/-0.145m o R

Coils #2,4 (Vertical) +-0.175 m




Assume the target is a uniformly magnetized sphere:

M=magnetization=polarization*magnetic moment/volume
100% polarization

u=2.127uN =2.127(5.05x10-27)
1.25¢!'> 3He and cell volume (2.5 liters) = 5¢!7 3He/m3

M = 54e-10 JT/m?

) 3
B, =Zu, M
Z 3 Z_

radius of cell a~8.5cm and pick-up coil is z~1cm from surface.

Flux = B-field* area. Assume field constant over 100cm? area.
Peak-to-peak value of flux in pick-up coils: 0.04 @ .

]
L Pick-up coil |
R

Target sphere l




100 cm? pick-up $=0.02 @,

e Flux actually coupled to the SQUID is
O M
O =2
(L o+ L)

“typical” values M=10 nH, L=600 nH, 100 ¢cm* loop L,=1.4 uH.
Roughly 1/100™ of the signal gets to the SQUID.

At 4K dOg,~3 pdyHz > (measured) and should scale with
sqrt(4K/0.3K).

« Experimental noise needs to be limited to as low as possible

e Possible sources: vibration in B field, leakage current,
Johnson noise, magnetic noise through penetrations, non-
uniformity in B field.



Noise vs. Temperature

Initial work was at 4 K. The nEDM will be at 0.3 K.

Wellstood, Urbina, Clarke Wellstood, Urbina, Clarke
Appl. Phys. Lett., V54 (25) 19 June 1989 Appl. Phys. Lett., V50 (12) 23 March 1987
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tests at low temperatures

Data taken at NHMFL *01-"02
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CC12 flux noise vs. Temp

I T T T T

Temperature (K)
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MAGS flux noise vs. Temp

T T 1§ T T T N T T T
5r (2.002)
=4 (1.75 ®
e , (1.66%) .79 =
231 (1509 (1589 T f (1.97%)
'8 '?:T. ']‘"
2ot <4 siope = 1.67
5 L (1.442) intercept = 0.54
o S )
O | i | | | | I { I
0 05 1 1.5 2 25 3 3.5 4 45
T(K)

Same SQUID as in full
head MEG system.
Effective area is 2.5 mm?




Mag 8
84nT/ @, and 2x10" Tm? in flux quantum

2.4 mm? effective area

SQUID with big coil
02nT/ @, and 2x10' Tm? in flux quantum

100 mm? effective area

The ratio of areas is 40.
200 pd,/ 40 =35 pd,
The signal-to-noise goes as sqrt(# of SQUIDs)



Upcoming Tests

No plans to test SQUIDs in HV at this time

tests of gradiometer as function of temperature
at NHMFL (from 4K to at least 1K)

Additional FEM modeling for optimization of
SQUID position

detection of 3He



ngh Voltage 1ssues (constraints on leakage current)

1nA produces 10> T at 10cm

e Johnson Noise
e Electrodes can’t superconduct

* Must be high resistance material

W\ AKTAf
)=

* Protection of SQUIDs

* SQUIDs in some sort of Faraday cage?




Try a large area gradiometer.

We have obtained a 1% order gradiometer
from IHPT Jena

Each coil is 19mm x 19mm

The chip is 60mm x 20mm x 5mm

Effective area (for one coil) is 7.5 mm~”2

(sensitivity 0.28nT/d)



Modity FEM to reflect new coils and
optimize their location

Petr Volegov UNM

nEDM experiment setup
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Detection of 3He
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Shortening the magnet by better matching of
boundary conditions; magnetic shielding issues
Brad Filippone (Caltech)
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Honeywell

met_cylaas  Mametic Aty
SOLUTIONS|  Techmics: Bulietin |

www.moetgles.com
Applications Typical DC Hysteresils Loop
* Flexible electromagnetic shielding MAGNETIC INDUCTION-S-TESLAS

* Magnetic sensors

* High frequency cores &‘r) s 1 " Aseasl
Benefits ( i
I
» Near-zero magnetostriction I
* High DC permeability at low fields 1

without annealing )
 High tensile sirength (1] o8

Typical iImpedance Permeability Curves,

Longitudins Field Anneal
FREQUENCY--HERYZ
1006 10.000 100,000 1.000.000 100,000 ?-
rrseaceert ot it EQ.000
- 93T 44 E g
s P."I . N E
- AT, 20.000 3 .
as 8
10,000
£ 000 g
2,000
‘ .m
Physical Properties Nagnetic Properties
Density (B/CC) ..ot e e 7.80 Samration Induction(Tesla) ..................... 0.77
Vicker's Hardness (50gload) .................... 900 i eabili ;
Tensil Srength (GPA) « . .« .o e eeeee e, 12 URNNEAIE . e 600,000 ===
Elastic Modulus (GPa) ...................... 100-110 AsCast . ... ... . s 290‘000
LaminationFactor (%) ......................... »75 Sawmration Magnetostriction(ppm) ... .. ... .. <<1
Thermal Expansion (pm/°C) .......... ..oy 12.1 EHlectrical Resistivity (uWcm) . . .............. ..., 136
Crystallization Temperature (°C) . ... .............. 520 CurieTemperamre (°C) . .......... ... vy 365
Continuous Service Temp. (°C) ... ........... ... ... 90
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Modifications of the apparatus to incorporate the
dressed-spin technique
Bob Golub (HMI)



/"z‘w/afj sefamn of UL

T —

P +n = H34p
(He*) >

e,

—
J:‘- I”e} 1 g‘,,

{?x,ae,/zmn‘f&//}f (5":0 /X So7arrce. [4 /743 1 /

ﬁ;/ap = Lo/ t
' =l r .0
05t s
- """7 S
TS = Ts=c¢
o/a/‘/;uzl_ [‘/é’z



ﬁr/’/ Igo/a/,‘;eof U/
Cabe /VO?U’(/’ 2
o5 )

)

A’éjd/pf"
tdn G *"‘"‘“"’>
—> S/
I/lf/‘ //a‘f7
043



He " (s -maqnetomete~
SCl('A’H//q"ﬁan rate |

BV (R
/Cqég ( é)

™ 60

& —
>

F ¢
O= (%) BT £ 6‘%‘
.
Welf = 6 ,)(a,}u/ o’p /¢ ”t”’[""’ (o)
[ [16 /,c[

,( NS 1'7"/ vt 7‘!/

SEQL’(G‘M sate
M €a S ueg (€ }C[
SLMW.S e(,am




[vrth, evelepmeq,s T

Dreg sed Mectrnr Mkt Dublirs $clyio

7

>
78l *

3 (¢t)= 3y Sinly £

Woree = ¥ (3 () = © (#]

0= ¥4 co¢ Lt



1.0

’ ' 28,:0mln 1-05\:\,
0.5 .
ol ] 05~
|
05k <
>
-~ ¢ —
-1.0k . . w
f > “
e
5
. = los-
“1.0—
C
>
Q
:z
N : - = FIG. 4.
= 23,:17m field strens
.q . s -y ~ ) -
— T
o 0%~ =
c.
oL - Dresset
the “tonte
-05~ = searches.
| earth's m
S0 , J twean ne
1.0 $23,:2.8ml neutrons
effective
0.5~ " not help
| decouple:
0~ ly resstat
ing By s
-0.5 \J gy diagr
l again be
-1.0 : ' ' ' ’ di '
iscu
-0.2 -0 0 0.1 C.2 SC. 35€C
basis, wt
STATIC MAGNETIC FIELD By (mT) the disc
FIG. 3. Spin-precession measurements with dressed neu- neutron

trons. At the critical rf-field strength 28, =1.7 mT the ¢

=]

sight.



9dressed / gfree

'
-
7y
1

-1.0

FIG.Z .

i

2

A

b

8

REDUCED RF-FIELD STRENGTH w, /w

Variation of the dressed-neutron’s g factor with rf-
feld strength (w; =yB ).



Magactic Homa,t-
Dre cq/‘/z? -
S | Ny
L5
1
eLL
Wﬁ@-eéf_ ﬂeﬂ) A3, boo= S (x)y
Xe= ) Ba/'
L
E/Xnk I/ “d
. , I'¢
ZYZ Ja(xs)’“(n,j; (/\:,,)] = O

[ ljoc/‘/()f/: ja ()(c) 7

Jes |

Xe= [T
Critical &/msg,',,j >
—

ceastaat SCI'/IfI‘//q"bbm

radfe
tde wadent o€ > C

| /- M/tay,‘,(f,(“ 74¢/J
Cﬂr/tc/’h@ﬂﬁ ~ Rpe =

B,



9‘:‘:"1 TB,E
S
T,

Cciati llaTee

y & -

(9 - € cl.,Ef’ gl[(wj 4 r\/?
ne ~

R P
(o ! -é-a f /Fafcx[’{/
ab;‘a rptun ~ O -
‘:’:-::_;_g -
me dvlate X k

o A
?((‘f).:: 7((/. + € (3§ o &
Swn'g A £st *j_’_ﬁcl,lE
C6 ~ € cutnt t hdFE

L
.



Seatidatien

J—— l

G

~ = O ':-‘—‘7 1"A le/‘MJ/],'C
) (9,,5 - {;9} 2.

Te= Va1 [ Ft
(O wrly ) 4d, Fe

B r )/)armc ” zkc_,
erm—«t\ﬂ? wrt 77, '71'0"7—(_

—> ¢cdu !

Z/W( Hﬁf’l“'f'a vgﬁf (a/;,érq"ﬁ'uw,



Bo(: /0"—3@“‘45 Yel3H, =) m%ﬂ

Wiz ¥, X2 W— 17 = x

WSV — 200l
W 20 290 f‘“l/aﬂ

(/Sf'(j = /O ? [30 A/r)

an

/O ’Z 5 0 Uy}




- h-j
2 A
7 1s§
C‘/Oma
%<ea/7
l\ﬂ ‘
/kl
La
ES

il
“,.
>/

> .

/C{9QQ&%

trs,
7,
. U
die 14\}%
| ) ;72
. §
)ﬂn,,
””li_j;
L
/0( e

Iﬁm—

/lac;‘é/‘
“510 -
(/\
Ha
J | /;‘AL&
20 /7(;
7 W%’
y>
30 %
: g

~ ‘ :
270_5/?2 [/:;9
s i Z
J
et -

"&L/

“Téce

S

494

(C
O
4th

§0

'P

A




T 3 | L R AL flr _ >/~
f;}(/o

1 -

-~ - 5 A YL ¢
r F .
s | aBs10mr ]
s - o shaking .
_ 4 without shaking

0'1 1 Y 1 1t lll [

1 10
Frequency (Hz)

FIG 1. Frequency dependence of the permeability, where values are nor-
malized by £, (permeability st | Hz); g, = 5.27% 10* under magnetic
shaking, u, == 3.41 X 10* under normal condition.

5584 J. Appl. Phys., Vol. 67, No. 9, 1 May 1990

Ny + 20‘5 F A/ L(

DOWnloaded Og L'U' 20{” A 124 RN 190 B8 Dadicateihegtian cithiaad



:Magneto-)
jmeter

v

fg=1kH2z

FIG. 2. Experimental setup for measuring the shielding factor under siuk-
ing.

was used to cancel the horizontal component of the earth’s
field. Before each measurement, the shielding case was de-
magnetized using the shaking coil.

RESULTS AND DISCUSSION

It was found that the leakage field into the shielded
space increased gradually after applying the disturbing field
and then reached steady state. The increase in leakage field
was at most 149% within 2 h of observation. However, this
phenomenon is not taken into account in the following data.



and shows a broad pesk for H, = 2.0-3.0 A/m. The effec
value decreases with decreasing AH, however, it is stili h
The maximum value even for AH = 0.002 A/m (rms
kigher than 3.5 X 10°. The maximum value, for example,
tained with Mumetal by shaking is 8.9 X 10* undernodc!
field.? In that case, the value goes down to almost one-
when a dc bias field increases up to 0.5 A/m. A similar
nomenon was also found with the Metglas 2705M ribt
however, the decrease in the effective permeability due to

fs=lkﬁz

o

e

o
¥

>

s

o
~

[

e AH=0,05 A/m(xms)
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FIG. 3. Effective pcrmeability vs shaking field strength (single layer).
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mg magnetic held leakmg ITO[N) SOENIS ¥#1-¥4. 1NC total
weight of the tapes used was 15 kg. Nominal diameters of
the shells are 56 ¢cm for #1, 55.3 cm for #2, 54.6 cm for #3,
52.6 cm for #4, and 52 cm for #5. Numbers of turns were 50
for shaking coils #1 and #2 and 20 for the demagnetizing coil

9,07 fr
Number of - ‘

Layers in Shaking coll #1
Parentheses (50 t""'5) b Ce

S

| Cylindrical X
Shaking Coil #2  Structure g e
(50 turns) (O.D.=52 cm) -
{'L,b[‘f ) ' Demagnetizing
Coll (20 tums)

FIG. 1. Cross sectional view of thin multiple-structure. Spacings between
shells are about 3.5 mm, unless otherwise indicated.

36/79(8)/5490/3/$10.00 © 1996 American Institute of Physics

ibject-to~AlP~copyright,~-see-http://ojps.aip.org/apo/japcpyrts.html.
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SIStS OI n magneuc snéus. In our €asc, e Oracr oI i poiy-
nomial function is 4 because shells #1—#4 are subjected to
magnetic shaking. The permeability of shell #5 is treated as a
constant equal to 2000. When the distances between the
neighboring shells are small, coefficients of higher order
terms become small. Therefore, when the permeability is
low, higher order terms do not affect a resulting shielding
factor. In other words, a thin multiple-shell structure behaves
as a single shell with the same total thickness when the per-
meability is low. On the other hand, when the permeability is
sufficiently large, higher order terms with small coefficients
become substantial, so a thin multiple-shell does work to

increase shielding factor.

1000000} T
+ 1000001 Five shills\ i 7
% 10000 - Y A
e  — e v e
Eg 1000 e \
% 100 g .
Thréte shell model
10 ]
1000 104 105 106
Relative permeability

FIG. 4. Relationship between shielding factors and relative permeability.

Sasada, Yarnamota, and Yamaguchi 5491
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FIG. 1. Open-ended cylindrical shields employing Metglas ribbons. (a) Cyl-
inder consisting of a helical structure of the ribbons. (b) Cylinder consisting
“of an axial structure of the ribbons. (c) Magnetic shaking by a toroidal coil.

sured at the shield centers by a miniature magnetoresistive
sensor of the HMC 1022 type, manufactured by Honeywell.
The shielding characteristics measured (the shielding factors
versus the shaking field) are shown in Fig. 3 and the ASF
and TSF are shown in Table 1. In order to investigate the
effect of the shaking field direction on sh1e1dmg enhancc—

ment. magneﬁ(" chaline ke cnlann~idal ~x2 L} DU



E. Papemo and |. Sasada

10 i § | —=e—TSF (helical structure)
< .‘;_:L--ca—— ASF (a:ual structure)
§ T
1S U S’ - COUUUPS SRS SR SO0 000 S5 SOUNTNSNRO (SO JOUUI SN Do. ' U 0 W8
8o 3
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E s
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b
/s
10°
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Shaking Field Amplitude (Oe)

FIG. 3. Shielding characteristics: Transverse and axial shielding factor vs
shaking field intensity.

cylindrical shields (length, outer diameter, thickness: 283
X56X%0.31 mm) consisting of helical [Fig. 1(a)] and axial
[Fig. 1(b)] structures of Metglas 2705M amorphous ribbons
were built for this purpose. The shielding factors were mea-
sured at the centers of these shields by a flux-gate magneto-
meter of the MAG-03 MC type, manufactured by Bartington,
and are listed in Table 1. The shaking field intensities, corre-
sponding to maximum shaking enhancement of the shielding
factors, are approximately equal to corresponding values of
‘he same parameter obtained for miniature shields: ~50 mOe
‘or the TSF and ~320 mOe for the ASF (see Fig. 3). The
lata in Table I shows that magnetnc shakmg provides an

An fn‘l’ R W T Y T - ‘Lc& s alas m -~ . - .




rmly shielded area is extended toward the opening by
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Update on the HV-test apparatus
Debbie Clark (Los Alamos)



EDM High Voltage Test

Purpose of Experiment.
Describe System.
Tests and their Significance.
Schedule.

Remaining Design Issues.

Questions.



EDM High Voltage Test

A. Purpose of Experiment.
a. Learn High-voltage behavior.
b. Liquid Helium behavior at ~1 K.
c. Magnetic field issues.
d. Failure points
i. Mechanical, electrical leakage, sparks.
e. Is SOkV possible?

B. Describe System.
a. Vacuum shell, nitrogen shell, LHe chamber.
b. Electrodes, actuators, bellows.

C. Tests and their Significance.
Can we assemble this?
Mechanical failure of components and seals.
Are heat loads acceptable?
Does variable capacitor work as designed?
Measure dielectric constant of materials.
Measure dielectric strength of LHe at 1K.
Measure E Field with Kerr effect.

1. Source, laser
Effect of E Field on scintillation process.

1. Phototube.
i. Potentially use Squid to see Johnson effect, leakage current.

D. Schedule.
a. Order parts starting in September 2002.
b. Assembly begins November 2002.

P mmo Ao

E. Remaining Design Issues.
a. Large wire seal flanges.
b. Cam system.

F. Questions.
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High Voltage Test Assembly
estimated June, 2002 D. Clark

Hunt. Linear Actuator & Cont. (2)

Quter Vac Can Assy Alum A&B

Nitro Shield Cu Assy A&B

Andonian Modification

Inner He4 Copper Can A&B

G-10 Dbl Bearing Assy (2)

Bellows/Flg. Weldment (4) Uses # 501
High Volt. End Actuator Assy (w/ 2 #500)
Ground End Actuator Assy (uses 2 #500)
Unistrut Stand Assy A&B

TOTAL

$ 7000
16325
4850
3025

20500 (+$2000)
725

6000 (+$3000)
3685
2325
2000

$ 66435 (+$ 5000 spares)
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Discussion of test objectives

. Confirm viability of engineering design
acceptable heat loads

cold HV feedthrough survives
flanges remain sealed

. Validate variable capacitor design

. Measure cryogenic properties of materials

testbed for engineering issues

measure dielectric constant of cell materials

. HV properties of LHe

determine dielectric strength

. Develop E field measurement with Kerr effect

. Investigate effect of E field on scintillation process

. Study performance of SQUIDS in test environment



Measuring the Kerr effect at crogenic temperatures
Alex Sushkov (UC-Berkeley)



Kerr Effect-based
Measurement
of the

Alex Sushkov
Dima Budker
Valeriy Yashchuk
(UC Berkeley)



Precision Measurement

of Electrlc Fields

e Kerr effect: appearance of un1ax1a1
anisotropy in an initially isotropic medium,
induced by an applied external electric ﬁeld

An = n;n = KAE? |

 For input light polarized at 45° to E, the
induced ellipticity:

€ = lAn/A = 7lKE? |

e Circular analyzer: e ~ 10°® rad Hz™"* (shot)

Kk nght Polarlzatlon
\ ‘ ,,,,,,,, T
ﬁ\ N —V
| S PD2
Polarizer' S N
+V T
EO s ST
- — —k g

Kerr Cell Analyzer




Kerr Effect 1n"LHe
"Electric Field
Measurement Sensitivity

e Parameters of the neutron EDM;
experiment:
— Electric field: E = 50kV/cm
— Sample length: 1 = 10cm

— LHe Kerr constant inferred from |

gas hyperpolarizability at T=300I
K =1.7x10"1 cm/V?

e Resulting shot-noise sensitivi
— Induced ellipticity: € ~ 10”rad

— A 1s measurement gives sen51t1v1_ Vil
SE/E ~ 5x10™



Experimental Setup:
Polarimeter

ST H

Aperture:  Polarizer
diameter

approx Imm,

Photo-elastic

modulator, Af4 Analyzer

50kHz

PD

V

To RF Lock-In



Results: Polarimeter

e Optimized performance:
de = 107 rad/Hz!"?

(lock-in input noise)
e Laser power: P=0.1 mW,

corresponding to shot noise of:
5x107® rad/Hz'?



xperimental Setup:

Kerr Effect in LN;

Diode Laser, n
780am .

Aperture:  Polarizer
diameter
approx lmm.

Photo-elastic
modulator, A/4 Analyzer PD

- 50kH:z V

To RF Lock-In

Cryostat

High-Voltage
electrodes:

spacing 3.5mm,
length 2.5cm,

voltage 2.5kV.

Sample space
filled with LN2



Results: LN,

e Measured Kerr constant for LN,:
K = (7.1£1.7)x10™" cm/V*

e Published value: (K.Imai et. al., Proceedings of the
3rd Int. Conf. On Prop. and App. Of Diel. Mat., 1991 Japan)

K = 6.3%x10"4 cm/V?>
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Troubleshootin

e Cryostat window birefringence,
induced by stresses and temperature
gradients = large drifts in the
ellipticity signal

* Find better cryostat windows!

h
o
|

300K, cold air effect

30 L
300K, steady |
Jﬂ.jlﬁﬂﬂ

77K

Ellipticity signal (milliradians)
=

0 10 20 30
Time (seconds)

40
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Update on the polarized 3He source
Justin Torgerson (LANL)



3He polarization

Requirements

QP3%1

e ~ 1012 3He/cm3  (x3~ 10710)
—101% in 8L  (collect in 10005)

Quadrupole state selector

o P35> 0.99 initially

o In > 10%/s

/Qj
» Los Alamos Physics




Experimental uncertainty

e 6f x1/P3 P3, Py~ 1
e 0f x 1/P3° P, ~0

« Los Alamos Physics
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Simple Caleulation
of 3He Flux

Source e, LW/ /.
'.-"-'-.'-—.r":“":r: -

SMNexsmun cmcp/an«

sin(Q) < ]64—?-:&' 0.9°

f'ér EO - 0-75 T-f/a
7 = 06K

Maximan sourca prassare
R, > /33 O3 mm

p < T « 107 e
Maximam £lux
I. = £ 2 A = 107
‘For As d , em®
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Figure 2: The light gray bars in (a) represent the velocity distribution of
atoms which enter the aperture of the polarizer and the dark gray represents
the subset that successfully traverses the polarizer. Panel (b) shows the
same results as (a) with a different vertical scale. Panels (c-f) show the
distributions of various initial conditions for atoms which successfully traverse
the polarizer.
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3He Polarized Source







Transport of 13He

Magnetic field issues

e (sradient at quadrupole exit

e Reduce field before experimental volume

e Bent 3He guide (horizontal polarizer)

e Higher 3He temperatures (300 K) and field
gradients

A

« Los Alamos Physics




Gradient at quadrupole exit

ldB/dt|<< B
dB __ dB'U
dt T dz U*

o B(z) ~ BQ’RQ——
1
o B> B(2) at z = (;£Bo'Ro*)3

o By ~ 45Bo (from calculation)
B >>200mG

for Bo = 0.75T and Rp = 7.5mm

A

s Los Alamos PhSIoS




Bent 3He guide

(horizontal polarizer)

—
s

e B, = Bpcos(8) and v, = v cos(0)
o %8| = Bog/ cos(6)

e assuming |B| = Bg everywhere
Bg > }—g‘g% > 7%;

Bp-R>>100mG-m at 300K

Byg-R>>3mGm at 0.6 K

Jal _
» Los Alamos Physics




Reducing B field before experiment

B

4B « 100mG/m

for 300K and B=100mG

B — 10 mG is very difficult at 300 K

%’\
- N
o Los Alamos hYSIoS




Experiences with hexapole state selectors
Janos Fuzi (Budapest)



Experiences with
hexapole state selectors

Fiizi Janos

Hungarian Academy of Sciences
Research Institute for Solid State Physics and Optics



Particles with magnetic moment in inhomogeneous magnetic field

s=yL

s Y =Cr" cosng

/ B= ,uOCnr”“l(— cosnge, +sin n(peq,)

JB 1 JB
F=5 —+s5,——
dr " rdo

4 F =V(s-B)=+sV|B




Quadrupole versus hexapole field configurations




Hexapole neutron lens electromagnet
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Magnetic field computation

| R )

oy
3

Division of iron core cross-section




Singularity exclusion




Magnetic field computation

11 Wyl e
) ——2-+4ﬂ]§( 4 )lrz(f ; dlif (x,,y, e A,
C'xx—< 1 §(yf_ys>.+(xf—xs)jdllf(x )QA
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Magnetic field computation

N
H, =H,i)+)Y[CyIM
=1

,LLOM' = Ll 2 my tan (akH)
=

Error minimization

N ~ 12
=Y |M,~M, —min
k=1

Contraction iteration

M =M +(1-7)M, ;

O<r<xl

\ \\\

== -wr/

\\
~ /7 \k /)/ N s
~ \ —_— — / -

T e

~ ~

~— —cm | e e

Magnetization vectors of surface elements
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Magnetization vectors of surface elements
in the vicinity of the aperture

Magnetic flux density vectors in the aperture




Measurement results

B[mT]
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B =|C, coslp—,)-Cyr* cos 3w -0, )k,
+ [—— C,sin(g—g@,)+Cyr*sin3(p -, )]e¢

C,=B,=58mT @, = 120°
C, =B,/ rp2 = 34810 T/m* ¢, =0
r,= 5.5 mm

L

Contour plot of magnetic flux
density magnitude in the
aperture (parabolic scale, 5 mm
radius plotted).




Neutron optical simulation

[ ]

il

Panim.exe




Permanent magnet neutron lens




Permanent magnet neutron lens




Beam divergence: 15°

Wavelength: 6 A

Magnet length: 900 mm

Hexapole field constant: 40 000 T/m?
Dipole field: 20 mT (same orientation

in each segment)

Pkolimagl

Pkoliguad2

1120 mm

1810 mm
(focal
plane)

At magnet exit



Beam divergence: 15’

Wavelength: 6 A

Magnet length: 900 mm

Hexapole field constant: 40 000 T/m?
Dipole field: 20 mT (different
orientation in different segments)

Pkollhex3

}@,

Pkollmag3

1120 mm

1810 mm
(fokuszsik)

Mignes végén



First beam experiment

one lens two lenses
330 cm from magnet end

one lens - two lenses
120 cm from magnet end




Permanent magnet 3He spin state separators

Quadrupole Hexapolel Hexapole2




Conclusions

Hexapole magnets are efficient tools both for neutron beam focusing and 3He spin
state separation. From all possible inaccuracies, the most disturbing is the presence of
a dipole component (it affects the neutron optical characteristics and causes spin flips
and reduces the efficiency of spin state separators).

Hexapole 3He spin state separators can be more efficient than quadrupole ones. The
performance of the latter can be significantly improved by the use of a thin axial rod
which hinders the crossing of the low field area where spin flips occur.

Since the very low temperature is given, it would be worth considering the use of
superconducting hexapole electromagnets.

Issues to be adressed:

* permanent magnet characteristics at very low temperature;

* optimal permanent magnet hexapole design to allow exit of atoms in the wrong spin
state;

* measures to minimize the dipolar field component to avoid unwanted spin flips.




Thank you for your attention



Experiments relavent to transporting 3He into the
superfluid He and the 3He polarization lifetime
Mike Hayden (Simon-Fraser)



/’ )

Issues relevant to getting
the *He into the liquid,
moving it about, and
keeping it polarized ...

/

Mike Hayden
Simon Fraser University

QOutline:
® source of polarized 3He?
e liquid-vapour exchange
e motion of *He within the liquid
e wall relaxation
® cxperiments




{Polarized Atomic Beam Source}

3He ABS

Hexapole ~_
(focusing)

differential
pumping line.

flow impedance - —-

T
/ 1

Cs annulus — .— He surface



Apparatus for Production of High Nuclear
Polarization in Liquid 3He-*He Mixtures

Phys. Rev. Lett. 73, 2587 (1994)

Optical pumping
/ volume: T~ 295 K

807

Direction of
] vapour Tlow

z —
) .
N | |'|l—Heater
'_c N
p L o
CECE ] ( . .
= A Cesium ring:
M . oy o
+/' ; i inhibits HEVAC
4- . -
3 chup - Tcund +50 mK
2~<
0..

]i T() ~ 200 mK



HEVAC Effect JLTP 97 417, 1994

Physica B 194-6 677, 1994

(Helium Vapour Compression)

[HOT] /llllll

net evaporation
of “He creates
pressure gradient

Refluxing ‘He
vapour
entrains >He

Superfluid “He film
climbs to warmer
parts of the cell

{ COLD]




[ SHe Evaporation Rate J

e.g. JLTP 99,787 (1995)
and JLTP 84, 87 (1991)

W7 N 4& I ¢lv o Ao,
o | 4
¢lv = i_n*v —’;n;alv
\ m

_ |2’ 1

- -ka 9, = vaavl
R e L T T ——
T —— ?_Z_V _____ 4 ' ¢vl
E liquad vapour

n* n

'

require
1 { kTln[nA’

¢, =0,

3
]=kT1n[n*(-’11—J2A3}E
m*

(

time constant

3

4V (m* )2 E
T=— exp| —
Ava, | m kT
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. 4He on [-*He

i 4

0 01 02 03 04 05 0.6

k cos 0 (zOX'l)

See Edwards and Saam,

Prog. Low. Temp. Phys. VIIA,
D.F. Brewer ed, North-Holland (1978)

0.10

r )
Reflection

Coefficients
Y,

0

For 3He:

A ~ 1 nm-K*%
T

kcos 8 ~ (0.6 A/K”) T%

_ T{f}

|

T ¥

3He on [-*He
(0 =67°
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[ Saturated Vapour Pressure of /-‘He J

e.g. Rusby and Durieux, Cryogenics 24, 363 (1984)

.4 0.6 0.8 1.0 1.2 14 16 1.8 2.0

T (K)

design goal for pressure
in magnet region of ABS!



( SHe ‘Escape’ Rate ]

£
kT
E ~28K
%k
™ 04
ms,
o, ~1
(83.8m/s) L
1K

(in vapour)

(internal diffusion fast)

a lcm ¢ hole gives T ~ 2 h at 0.5K

...but a 30cm ¢ free surface gives an
exchange time T ~ 10 s!



( T, Relaxation: Influence of Diffusion }

c.I. Schearer and Walters Phys. Rev. 139 A1398 (1965).

SHe atoms see a fluctuating magnetic field as
they undergo Brownian motion in the presence
of a field gradient

As long as their mfp << container dimensions ...

I 2(G : 2 T, mean time between
*T— = 5 “1; <V >1+w 2, 2 collision7

1 0 %c

D= -
or 3

_ 2 27 mean-squared
_£. - D(«C—;—] 1+ 3}/B D velocity
g v’)

... T depends on the relative field gradient



[ Diffusion Coefficients}

Liquid: Lamoreaux et al. EPL 58, 718 (2002).
Beenaker et al. Physica 18, 433 (1952).

1.65
T

Vapour: D,, =1.463x107 (MKS units)

-see JLTP 97, 417 (1994).



EXpect maximum sensitivity to
relative fluctuations in B near T=0.6 K

Absolute field gradients become important
when mip > container dimensions
1 1 yG°Ll<v>

m—— P cnm——

T, 2 4
I L

2LV >

c.f. Kleppner et al. Phys. Rev. 126, 603 (1962).

This regime is not as well understood ...

... rough estimate gives G, ~ 1 uG/cm
forT,~10°sand T~ 0.4 K



Maximum Permissible
Gradients in B are limited
by relaxation rate 1/7,

E, B fields

\ /

neutrons

G

10
Longitudinal Gradient
10k "\.1. (50 cm long cell) ( )
2y 2 274
n . 1 _Y Jo (x,)G°L
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[ J
A
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Wall Relaxation

liquid “He

. SHe
surface

coating

magnetic
impurity
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mip (cm)

3He Mean Free Path
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Determining the projects to be undertaken at each
institution
moderated by Steve Lamoreaux (Los Alamos)



To Do — fr forrtr 29& LisF
7, e realis +/e cells

/4, 005 /4V/'29¢£ 3/7/6 f/bé/(fﬂ//og,

[‘Bv "Trﬂlf"ﬁf?ar‘l‘ - '71;{eov/ , @ppara Yus

’C-., -_‘7_-5__9*/_ Ce//,; o 'pa_om ;Lg,,,/)
U per Flerol belium ,f///ga// e Fe.

Experiwent # [

Souvces [T} ”‘\—_-:O—D RGA

Quadl  spiy Quad 2

. Pl
Bulb ) 20 cur Aawebop
R0 Cur
f . 4 -
/ - 4 'U’: S e /
[ Cown 7
V= 10 % Lm /s 200K /U/L//AM - 20”7



or 300l

: / 5 yepss

Frive s e

Lrtw L Sk or /oth
SFU

— gauzp Cell Stady
z"// OP’LfCQ/ﬂ/W/,

’D{Iuc/ NzZsr
CREL  bEsr SEF

MTF



2. High  Voltse Fests  LipSiaw

A Beck ynund  )ig)+
B. Ca}mc,'%wg m«//v‘/Ar,»
C ﬂamage

D, Kevr eflecs A

I sl weesure sments  UCH

/

E. Review LANL  olegys, +=

— 3~ Cou/ﬁ/e/ /Cb’ 02
HU/ e llects & /1 Ce tume

4. /:(e/J/ | Mo&/&///m N

%

5. Light  colleSivn  +es’s ¢ /%o/e/mj
/}’!ar//an,/ - /V'Y-S?T/ ™7

/Z:;Ai"ﬁ LAt . A



Hoad JZ Jse Hdue 4o KF
5}?/]/) e or| e ta 7L/"Dn 3’“/%

TF 67(/(55/;1‘7 /5 a‘jec/j

PCV‘( 'JLV’a 'F/'aw V_L_e_f' %) Op’L/M/
Vegiin ;Cor statie or
R¥F /ﬂx'@/d.

Need 3'6{_ calect (o Pows
wre't b é:o/&(/ wynm?‘)

Measuy e mes, 4s of loc ﬁw;

proper fres  oF Me /j /as}
C/’fo per -




6. Md%erm/s :;é’/éo;[/a;,

A ) aij/h Souw )20r/SE Théoy“/.
T~
ciog ESV e g2E2 L

e
B. 71:6}//0%«49/&67[/0 SA/'e/O//'hj
a. 5/24 ,é/?-j
b. dwss/'nj

A/@e,d - é}/ 7[6’}’( 2 /oof; £ =

Ca /7[1"C4 ?’“l /’4400}” 0//'4!/'P¢ #r i HMZT

Atets725,
Mﬁ’le*)‘[(/s P/&S 72/6 0/’7/057[071 2 (’"‘/U"-”"”
5 .
(;(9// aCf'y//{,'
"'4’.5'/7;_; B / /") Carypes 7 conduc Five ;[7

A
SII/V/Y

SR C{V('JS‘S/MJ/’ | 544 é’;'j /%MI |

a. Bart hywsen LNorse

év ”64?.0/ %0) /;amajg/(n//
b€ %/ess/'rzj Are /o

Supe)»- @J; "5/—-11-;14

SKi'm Aeyth Loy
+hrCless
v 3 £ | KH3
&/ %g = /O ; W ’0/ﬂ P



Iz
Fe g
)/ ,[)/'cayi
X
) He n

{ o




3.

//Zo n te CCer Zo S/u clres

A . Activation |
g
B, /.9/4//'26/’* @
—

2. AL

.. 4’/5/1 / Colloc #7004



Future telephone conference calls
moderated by Martin Cooper (Los Alamos)



Development of a financial strategy
moderated by Martin Cooper (L.os Alamos)



DEVELOPMENT OF A
FINANCIAL STRATEGY

Funding for equipment to carry out the R&D plan

Funding for people to carry out the R&D plan

Final experiment funding from non-DOE Nuclear Physics
Breaking the experiment into distinct pieces
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